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@ Information recording device. 



@ An information recording device <Fig. 1) is dis- 
closed, which device comprises write means (3, 8) 
for providing the record carrier (1) with information 
patterns (58, 59). The write means (3, 8) are adjust- 
able. In detemiining the optimum adjustment a cali- 
bration procedurs is earned out. For different set- 
tings of the write means (3, 8] information patterns 
(58, 59) are recorded. The optimum setting is deter- 
mined on the basis of the recorded information pat- 
terns. The information recording device further com- 
prises storage means for storing in a memory the 
determined optimum setting together with identifica- 
tion data which indicate for which combination of the 
'J! recording device and a record carrier (1) the adjust- 
^ ment data has been determined. After a record car- 
(O rier (1 ) has been loaded into the information record- 
ing device, it is detected whether adjustment data for 
the relevant combination of a record carrier (1) and 
N an information recording device has been stored in 
2 the memory (1, 12). If adjustment data for said 
combination has been stored the write means (3, 8) 
O are adjusted in conformity with this data and no new 
calibration procedure is performed, which saves a 
LU substantial amount of time. 



BNSDOCID: <EP_04425e6A1_L> 



Rank Xerox (UK) Business Services 



EP 0 442 566 A1 



INFORMATION RECORDING DEVICE. 



The invention relates to an information record- 
ing device comprising write means for providing 
the record carrier with information patterns, means 
for determining record carrier dependent adjust- 
ment data, adjustment means for adjusting the 
write means in conformity with the determined ad- 
justment data, the means for determining the ad- 
justment data being adapted to record information 
patterns for different settings of the write means 
and to determine, on the basis of the recorded 
information pattern, the adjustment data in accor- 
dance with a predetermined criterion. 

Such a device Is l<nown from US 4,631,713. In 
the known device the adjustment data is deter- 
mined every time that the record carrier Is intro- 
duced into the device. A drawbacl< of the known 
device is that it takes a comparatively long time to 
determine the optimum adjustment. 

It is an object of the invention to provide a 
device as defined in the opening paragraph, which 
requires less time to determine the optimum ad- 
justment of the write means. 

According to the invention this object is 
achieved in that the information recording device 
further comprises storage means for storing in a 
memory the determined adjustment data together 
with Identification data indicative of the combination 
of the recording device and the record carrier for 
which the adjustment data has been determined, 
and detection means for detecting, after insertion of 
a record carrier into the information recording de- 
vice, whether adjustment data for the relevant com- 
bination of a record carrier and information record- 
ing device has been stored in the memory, the 
adjustment means being adapted to adjust the 
write means In conformity with the adjustment data 
in the case that adjustment data for the said com- 
bination has been stored. The invention is based 
on Inter alia the recognition of the fact that the 
optimum idTustment of the write means is found to 
change hardly In the course of time. 

As a result of the storage of the adjustment 
data and the identification data in a memory the 
adjustment has to be determined only once for a 
specific combination of a record carrier and an 
information recording device, so that the time re- 
quired for determining the adjustment data is also 
minimised. 

It is possible to assign a device identification 
code to the information recording device and to 
provide the recording device with means for re- 
cording the device identification code together with 
the adjustment data on the record carrier. However, 
it is preferred to use an embodiment of the in- 
formation recording device, which is characterized 



in that the storage means are adapted to store in a 
memory of the information recording device the 
determined adjustment data together with the 
record carrier identification code indicative of the 

s record carrier for which the data has been deter- 
mined, the recording device comprising read 
means for reading a record carrier identification 
code which may be present on the record carrier, 
the detection means being adapted to determine 

10 whether adjustment data for the record carrier iden- 
tification thus read has been stored In the memory 
of the device. The last-mentioned embodiment has 
the advantage that the adjustment data occupies a 
minimal space on the record carrier. This is par- 
is ticularly so if the same record carrier is used in 
more than one recording device. In the last-men- 
tioned embodiment it is then adequate to record 
only one record carrier identification on the record 
canrier, while in the case that a device identification 

20 is recorded for each of the information recording 
devices used a device identification and the adjust- 
ment data should be recorded on the record car- 
rier. In principle, the record carrier identification 
can be applied during manufacture of the record 

25 carrier. In the case of optical record carriers this is 
possible in that the master employed in the fabrica- 
tion of the record carriers is provided with an 
identification pattern. The problem which then oc- 
curs is that a complete series of the record carriers 

30 has the same record carrier identification code. 
Since the recording parameters of the record car- 
riers may vary within one series of record earners 
it is possible that If two record carriers of the same 
series are employed in the same information re- 

35 cording device the Infbmiation patterns are not 
recorded In an optimum manner for both record 
carriers. 

An embodiment of the information recording 
device which mitigates this drawback is character- 

40 ized in that the device comprises means for provid- 
ing the record carrier with a record carrier iden- 
tification. Preferably, the information recording de- 
vice then comprises a random-code generator for 
generating the record carrier identification to be 

45 recorded. This minimizes the likelihood of the 
same record carrier identification being recorded in 
the case of mass or series produced infomiation 
recording devices. Thus the likelihood of a non- 
optimum adjustment when the same record carrier 

so is used in different infonmation recording devices is 
minimized. 

The device in accordance with the invention is 
particulariy suitable for use in apparatus in which 
the linear velocity with which tfie record carrier is 
scanned during the recording of the information 

2 
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patterns is constant. In that case the changes in the 
recording conditions are minimai, so that a pre- 
viously determined optimum adjustment of the 
write means need not be adapted. 

However, the invention is not limited to device 
with a constant linear scanning velocity during re- 
cording. It can also be employed in systems with 
variable scanning velocities, in which the scanning 
velocity has no influence or a predictable influence 
on the adjustment of the write means. 

Further embodiments of the recording device 
and the advantages thereof will now be described 
in mere detail with reference to Figs. 1 to 11, in 
which 

Figs. 1 and 9 show embodiments of the informa- 
tion recording device in accordance with the 

Figs. 2 and 10 are flow charts of programs 
carried out by a control unit in the devices 
shown in Figs. 1 and 9; 

Fig. 3 shows a suitable format for recording a 

record carrier identification code; 

Fig. 4 shows a suitable position for recording the 

record carrier identification code; 

Rgs. 5. 6 and 7 by way of illustration show a 

possible calibration procedure for determining 

an optimum adjustment: 

Rg. 8 shows an example of an analysis circuit 
for use in the information recording device, and 
Fig. 11 is a flow chart for a calibration program 
which can be cam'ed out by the control unit for 
the information recording device. 
Fig. 1 by way of example shows an embodi- 
ment of an information recording device in accor- 
dance with the invention. The present embodiment 
is a recording device by means of which informa- 
tion can be recorded on a record can-ier 1, for 
example an optical reconj can-ier, which is rotated 
about an axis 2. The infomnation recording device 
comprises a customary write head 3. an-anged 
opposite the rotating record carrier 1 . By means of 
a customary positioning system, for example in the 
form of a motor 4 and a spindle 5, the read-write 
head 3 can be moved in a radial direction relative 
to the record carrier 1 under control of a customary 
control unit 6, which comprises for example a 
microprocessor. 

An information signal Vi to be recorded can be 
applied to a signal processing circuit 7 via an input 
6. The signal processing circuit 7 is of a customary 
type, which converts the applied input signal into a 
recording signal Vop of a suitable recording fonmat, 
for example a CD format. The recording signal Vop 
is applied to a driver circuit 8 of a customary type, 
which converts the recording signal Vop into a 
drive signal Vs for the read/write head 3 in such a 
way that an information pattern corresponding to 
the recording signal Vop is recorded on the record 



carrier. For the purpose of reading the recorded 
information patterns the read/write head 3 has an 
output for supplying a read signal VI which is 
representative of the information pattern being 
5 read. The read signal VI is applied to a read circuit 
9 for recovering the information represented by the 
read signal. The driver circuit 8 is of an adjustable 
type, enabling one or more of the parameters with 
which the quality of the recorded information pat- 
io tern can be influenced to be adjusted. When an 
optical read/write head is used by which an in- 
formation pattern of optically detectable effects is 
formed by means of a radiation beam, the intensity 
of the radiation beam is an important parameter 
IS which largely dictates the quality of the information 
pattern. If the read/write head is a magnetic or 
magneto-optical write head which generates a 
magnetic field for the purpose of forming an in- 
formation pattern in the form of magnetic effects 
20 (domains), the field strength of the generated mag- 
netic field may be an important adjustment param- 
eter. 

If the information pattern is formed by means 
of write pulses the pulse width may be an Impor- 
ts tant adjustment parameter. It is to be noted that the 
above-mentioned adjustment parameters are only 
few examples of the large number of adjustment 
parameters which are possible. In this respect ref- 
erence is made in particular to NL-A- 9000150 

30 (PHN 13.217), in which the adjustment parameter is 
a reference value for the speed with which the 
effects are formed. During the formation of the 
effects the intensity of the write beam is controlled 
to maintain the speed with which the effects are 

35 formed at the adjusted reference value. 

For determining the optimum adjustment of the 
driver circuit 8 the device comprises an analysis 
citicuit 10, which derives from the read signal an 
analysis signal which is indicative of the quality of 

40 the information pattern being read. The optimum 
adjustment can be determined by forming test in- 
formation patterns on the record carrier 1 for dif- 
ferent settings of the driver circuit and by selecting, 
on the basis of the analysis signal Va, that setting 

45 for which the analysis signal indicates an optimum 
quality. In principle, the information signal Vi may 
be employed for writing the test information pat- 
tern. However, it is also possible to employ a test 
signal generator 11 for this purpose, which may 

50 then be included, for example, in the signal pro- 
cessing circuit 7. The optimum adjustment is deter- 
mined under control of the control unit 15, which 
for this purpose is coupled to the analysis circuit 
10, to the driver circuit 8, and to the test signal 

55 generator 11 , if present, which control unit is load- 
ed with a suitable program or comprises a suitable 
hardware circuit. Preferably, the optimum adjust- 
ment is determined in a calibration procedure. 
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which is carried out after a record carrier has been 
inserted in the information recording device for the 
first time. The optimum adjustment data and the 
identification data which are indicative of the com- 
bination of a record carrier and recording device 
are subsequently stored. When the same record 
carrier is reinserted into the recording device the 
stored adjustment data can then be employed 
again, so that it is not necessary to carry out a new 
calibration procedure. This saves a considerable 
amount of time. 

With respect to the storage of adjustment data 
it is to be noted that this adjustment data may be 
stored both on the record carrier itself and In a 
memory 12 of the infomiation recording device. 
When the adjustment data is stored on the record 
can-ier identification data in the form of a device 
identification can be recorded together with the 
adjustment data. After a record carrier has been 
loaded into the information recording device it is 
then possible on the basis of the device iden- 
ticiation recorded on the record carrier to detect 
unambiguously whether the adjustment data has 
already been determined for the relevant combina- 
tion of a record carrier and an information record- 
ing device. If this is the case a calibration proce- 
dure is not necessary and the driver circuit 8 can 
be adjusted in conformity with the adjustment data 
associated with the device identification. 

Although In the above method of storing the 
adjustment data it is always possible to determine 
unambiguously whether the adjustment data has 
already been determined In a previous calibration 
procedure, this method has the disadvantage that 
the amount of space occupied on the record carrier 
by the adjustment data and the device identification 
codes may be substantial. This is particularly so if 
the same record carrier is employed in a large 
number of information recording devices. Indeed, in 
that case every information recording device will 
record its own adjustment data and device iden- 
tification code on the record carrier. 

This drawback is mitigated if the record carrier 
is provided with a record earner identification code 
and the identification data in the fbnn of a record 
carrier identification code and the associated ad- 
justment data are stored in the information record- 
ing device. 

In principle, the record carrier can be provided 
with the record carrier identification code during, 
manufacture. This has the drawback that it often 
allows only those methods to be used in which 
always complete series of record carriers are pro- 
vided with the same record carrier identification 
code. If in such a case two or more record carriers 
are employed in the same information recording 
device it is not unlikely that on account of the usual 
differences between the recording parameters of 



the record can-iers the write circuit 8 is not op- 
timised for all the record carriers of the same 
series. Therefore, it Is preferred to apply the record 
carrier identification code by means of the first 

5 Information recording device in which it is used. 
Preferably, the record carrier Identification code to 
be recorded is a random generated code. This 
minimises the likelihood that the same record car- 
rier identification code is generated for different 

10 record carriers when two or more information re- 
cording devices of the same make and type are 
used. 

To determine the random record carrier iden- 
tification code the information recording device 

75 may be provided with a random code generator 13. 
The random code generator 13 may comprise, for 
example, a noise source whose output signal is 
sampled and is digitised by means of a digitai-to- 
analog converter. The random code generator may 

20 alternatively comprise a cyclic counter which 
counts the pulses of a high-frequency clock signal. 
However, other code generators are also possible, 
such as for example one of a type realised by 
means of software included in the software of the 

25 control unit 51. 

Fig. 2 is a flow chart of a program for determin- 
ing and storing the adjustment data in the case that 
the record carrier is provided with a record carrier 
identification and that the identification data and the 

30 associated adjustment data are stored in the mem- 
ory 12 of the information recording device. 

The flow chart comprises a step A11 in which a 
record carrier identification which may be present 
on the record carrier is read under control of the 

35 control unit 5. Under control of the control unit 5 
the read/write head 3 is then moved to a record 
carrier area intended for recording the record car- 
rier identification code. In a step A12 it is ascer- 
tained whether adjustment data has been stored in 

40 the memory 12 for the record carrier identification 
read. If this Is so a step A13 is carried out, in which 
the driver circuit 8 is adjusted in confomiity with 
the adjustment data associated with the record 
canier identification code read. In the absence of 

45 adjustment data a calibration procedure is earned 
out in a step A14, to determine the optimum set- 
ting. An example of the calibration procedure will 
be described in more detail hereinafter. 

After the calibration procedure has been car- 
go ried out it is ascertained in a step A15 whether the 
record carrier 1 has already been provided with a 
record carrier identification code. If this is the case, 
the record can-ier identification code together with 
the adjustment data is stored in the memory 12 in 

55 a step A16, for example in a table in which a 
plurality of combinations of record carrier identifica- 
tion codes and adjustment data can be stored. 
Subsequently, the program proceeds with the step 
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A13 described above. If during the step A15 it is 
found that the record carrier 1 has not yet been 
provided with a record carrier identification code a 
new record carrier identification code is generated 
by nneans of the random code generator 13 in a 
step A17. If desired, it is also checked whether this 
code occurs in the table in order to prevent the 
same record carrier identification code being as- 
signed to two record carriers. The newly generated 
record carrier identification code is recorded on the 
record carrier at a location from which it can be 
retrieved. When a record carrier provided with ad- 
dress Infonnation is used it Is possible to employ 
for this purpose a record carier part having a 
predetermined address. However, alternatively this 
information may be recorded at a predetermined 
location on the record carrier, for example at a 
predetermined distance from the centre of rotation 
of the record carrier. In the case that the informa- 
tion is recorded at a location having a predeter- 
mined address, the information recording device 
should comprise an address detection circuit 15 for 
determining the addresses, which circuit recovers 
the address information from the read signal VI and 
supplies the recovered address information to the 
control unit 5. During recording of the record car- 
rier identification code the read/write head 3 is 
positioned under control of the control unit 5 in a 
customary manner, for example on the basis of the 
received address information, opposite to the area 
intended for recording the record carrier identifica- 
tion code and, subsequently, the read/write head 3 
is set to a write mode and an information signal 
Vident, which is representative of the record carrier 
identification code, is applied to an input of the 
signal processing circuit 7. The signal processing 
circuit 7 then converts the signal Vident into a 
recording signal suitable for recording and a cor- 
responding identification pattern is recorded on the 
record carrier 1 . 

After termination of the step A17 the program 
proceeds with the steps A16 and A13 already dis- 
cussed. After the step A13 recording of the signal 
Vi can be started under optimum conditions in a 
step A18. 

In the foregoing an embodiment of the informa- 
tion recording device has been disclosed which is 
suitable for recording information on a disc-shaped 
record carrier. However, it is to be noted that the 
scope of the invention is not limited to such record- 
ing devices, it may also be applied to recording 
devices in which the information is recorded on a 
tape, for example a magnetic tape. 

Moreover, it is to be noted that the calibration 
procedure to be used for determining the optimum 
adjustment data depends on the recording principle 
employed in the information recording device. For 
a number of different calibration procedures suit- 
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able for use wltinin the scope of the present inven- 
tion reference is made to Netherlands Patent Ap- 
plications NL-A-8901345 (PHQ 89.016), NL-A- 
8901591 (PHN 12.994), and NL-A-900150 (PHN 

s 13.217), herewith incorporated by reference. The 
optimum location for recording the record carrier 
identification code and the form in which the iden- 
tification code is recorded depend strongly on the 
type of the record carrier used and on the format to 

w which the Information signal is converted for the 
purpose of recording. In a device for recording a 
standard CD signal it is preferred to insert the 
record carrier identification code to be recorded in 
the subcode Q-channel of the CD signal. In that 

IS case the record carrier identification code can be 
extracted simply from the read signal by means of 
a subcode detector as customarily used in CD 
players. This is in contradistinction to the case in 
which the record carrier identification code is in- 

20 eluded in the main channel of the CD signal, In the 
last-mentioned case determining the record carrier 
identification code requires additional hardware. A 
suitable format for the record carrier identification 
code in the subcode Q-channei is shown in Fig. 3. 

25 In this format a plurality of bits 30 in a frame 31 of 
the subcode Q-channel serve to indicate the record 
carrier identification code. A suitable record carrier 
for recording standard CD signals is described in 
NL-A-8901591 and NL-A-8900766 (PHN 12.994 

30 and PHN 12.887). Such a record carrier has a 
spiral servotrack which is intended for information 
recording. The servotrack has a track modulation, 
for example a frequency-modulated track wobble, 
representing addresses in the form of absolute 

35 time codes ATIP. The servotrack is divided into a 
plurality of areas as indicated in Fig. 4. In this 
Rgure the spiral track is shown diagrammatically 
as a straight line and bears the reference numeral 
40. The servotrack 40 comprises an area PA 

40 (Program Area) intended for recording information 
signals, such as for example digitised audio sig- 
nals, an area LI (Lead In) intended for recording a 
table of contents ("TOC") as prescribed by the CD 
standard, an area Pf^A which is intended for re- 

45 cording a temporarly table of contents as described 
in NL-A-8900766 (PHN 12.887), and an area PCA 
intended for recording test information patterns for 
the purpose of determining the optimum adjust- 
ment data. The start addresses of the areas PCA, 

50 PMA, LI and PA are designated TPCA, TPMA, TU 
and TPA respectively. In the layout of the ser- 
votrack 40 as shown in Fig. 4 particulariy the areas 
PCA and PMA are suitable for recording the record 
carrier identification code. By way of example two 

55 suitable areas 41 and 41a are indicated in Fig. 4. 
Hereinafter the area 41 will be referred to as the 
identification area lA and the address of this area 
will be designated TIA. The areas 41 and 41a, 
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which are situated outside the areas LI and PA. 
have a format as prescribed by the CD standard for 
"read-only" discs. This has the advantage that the 
read-out of a record carrier of the inscribable type 
on which a standard CD signal has been recorded 
is not disturbed by thepresence of the record car- 
rier identification code if reading is performed by a 
read device intended for reading "Compact Discs" 
of the "read-only" type. 

Hereinafter an embodiment of the recording 
device in accordance with the invention will be 
described, by way of example, for recording in- 
formation on the optical record carrier described 
above. First of all, a suitable method of determining 
the optimum adjustment data will be explained. An 
optically readable record carrier may be provided 
with an information pattern comprising effects hav- 
ing varying reflection properties by scanning the 
record carrier witli a radiation beam whose inten- 
sity I is switched between a low level II, for which 
there are no changes in reflection, and a high write 
level Is. which produces a change in reflection in 
the scanned part of the record carrier. Fig. 5 gives 
an example of such an intensity variation and the 
associated pattern of effects 58 having changed 
reflection properties and intermediate areas 59 hav- 
ing unchanged properties. The information pattem 
of effects 58 and intermediate areas 59 can bie 
read by scanning the pattem with a read beam of a 
constant intensity, which is low enough to preclude 
a detectable change in optical properties. During 
the scanning process the read beam reflected from 
the record carrier is modulated in conformity with 
the information pattern being scanned. The modu- 
lation of the read beam can be detected in a 
customary manner by means of a radiation-sen- 
sitive detector, which generates a read signal VI 
which is indicative of the beam modulation. The 
read signal VI is also shown in Fig. 5. The read 
signal Vi is reconverted into a bivalent signal by 
comparison of the read signal with a reference 
level Vref. For a reliable conversion it is desirable 
that the points where the read signal VI intersects 
the reference level are well-defined, in other words, 
the "jitter" in the read signal VI should be minimal. 
As is known, jitter of the read signal VI in optical 
recording is minimal if the information pattern is 
symmetrical, i.e. if the average length of the effects 
58 is equal tolhe average length of the intermedi- 
ate areas 59. The problem which then arises is that 
the length of the effects 58 strongly depends on 
the write intensity Is. If the write intensity is too 
high the effects 58 will be too long and if the write 
intensity is too low the effects SB will be too short. 
Therefore, an accurate adjustment of the write in- 
tensity is required. A method of determining the 
optimum write intensity will be described in more 
detail with reference to Fig. 6. Figs. 6a. 6b and 6c 



show the intensity variation I, the corresponding 
information pattern of effects 58 and intermediate 
areas 59, and the read signal VI in the case that 
the write intensity Is is too low, optimum and too 

5 high respectively. 

In Fig. 6 the read signals VI vary between a 
maximum level A1 and a minimum level A2. The 
level DC represents the value of the d.c. level in 
the read signal VI. As will be apparent from Fig. 6 

70 the d.c. level DC of the read signal VI is substan- 
tially centred between the levels A1 and A2 if the 
write intensity has the optimum value. If the write 
intensity is too low the d.c. level DC will be situated 
above the middle between the levels A1 and A2, 

)s while in the case that the write level is too high the 
d.c. level DC will be situated below the middle 
between the levels A1 and A2. Thus, an optimum 
write intensity can be obtained by adjusting the 
write intensity 1$ to a value for which the d.c. level 

20 DC is situated substantially in the middle between 
the levels Al and A2. 

An improvement of the above method of deter- 
mining the optimum intensity will be described with 
reference to Fig. 7a. In accordance with this meth- 

is od an information pattern is recorded for the pur- 
pose of determining the optimum intensity, which 
pattern comprises a plurality of subpatterns 70 
each comprising a short effect 58 and a short 
intermediate area 59, recorded by means of a write 

30 signal having a 50% duty cycle. The information 
pattern further comprises a second subpattern 71 
comprising a comparatively long effect 58 and a 
comparatively long intemiediate area 59. also re- 
corded with the aid of a write signal having a 50% 

35 duty cycle. The number of subpatterns 70 is se- 
lected to be substantially larger than the number of 
subpatterns 71, Fig. 7a further shows the read 
signal VI obtained in the case of reading with the 
aid of an optical read device. 

40 The dimensions of the subpatterns 70 are se- 
lected in such a way that the amplitude of the 
signal components in the read signal VI con-e- 
sponding to said subpatterns 70 is substantially 
smaller than the amplitude of the signal compo- 

45 nents con-esponding to the subpatterns 71. This 
can be achieved by selecting the dimensions of the 
subpatterns 70 in such a way that only the 1st 
harmonic of this pattern is situated below the op- 
tical cut-off frequency of the optical scanning de- 

50 vice. The dimensions of the subpattern 71 are 
selected in such a way that at least the 1st and the 
2nd harmonic of this pattern are situated below 
said optical cut-off frequency. The d.c. level DC in 
the read signal VI Is dictated mainly by the signal 

ss components corresponding to the subpattems 70. 
The difference between the maximum value Al and 
the minimum value A2 of the read signal VI is 
dictated exclusively by the value corresponding to 
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the subpattern 71. As a change in write power Is 
has a substantially greater influence on the ratio 
between the lengths of the effects 58 and the 
intermediate areas 59 of the subpatterns 70 than 
on the ratio between said lengths for the subpat- 
terns 71, the d.c. level DC in the case of the 
method illustrated in Fig. 4 will also be far more 
susceptible to write level variations than in the case 
of the method illustrated in Fig. 6, where the am- 
plitude of the read signal VI is the same for all the 
subpatterns occurring in the information pattern. All 
this means that the optimum write power can be 
determined far more accurately by means of the 
method illustrated in Rg. 7a. 

In addition to the information pattern shown in 
Fig. 7a, which has been recorded with an optimum 
write intensity, similar information patterns are 
shown in Figs. 7b and 7c, which have been re- 
corded at a write level which is too low and which 
is too high respectively. As will be apparent from 
Fig. 7, the d.c. level DC in the case of the optimum 
write intensify is again substantially centred be- 
tween the maximum signal value (A1) and the 
minimum signal value (A2) in the signal Vl, while in 
the case of a write level which is too low or too 
high the d.c. level DC Is situated above and below 
the centre respectively. The Information pattern 
shown in Fig. 7 Is only one of the possible informa- 
tion patterns comprising a comparatively large 
number of subpatterns comprising short effects 
and intermediate areas and a comparatively small 
number of sub patterns comprising long sffects 
and intermediate areas. A subpattern which is also 
very suitable is a pattern corresponding to an EFM 
signal in conformity with the CD standard. Such a 
pattern comprises areas of a length corresponding 
to at least 3 bits (13 effect) and at the most 1 1 bits 
(111 effect). Approximately one third of all the ef- 
fects in such an EFM pattern are 13 effects, where- 
as only 4 % of all the effects are 111 effects. The 
dimensions of the 13 effects are such that only the 
fundamental of these effects is situated below the 
optical cut-off frequency of the optical read system. 
Of the 111 effects at least the 1st, the 2nd and the 
3rd harmonic are situated below the optical cut-off 
frequency. 

Rg. 8 shows an example of the analysis circuit 
1 0 by means of which an analysis signal Va can be 
derived from the read signal VI to indicate the 
extent to which the d.c. level DC deviates from the 
level con-esponding to the optimum write intensity. 
The analysis circuit 10 in Rg. 8 comprises a low- 
pass filter 80 for determining the d.c. level DC in 
the read signal VI. The analysis circuit 10 further 
comprises a positive-peal< detector 81 for deter- 
mining the maximum value A1 in the read signal VI 
and a negative-peak detector 82 for determining 
the minimum value A2 in the read signal VI. The 



output signals of the poal< detectors 81 and 82 are 
applied to non-inverting inputs of an adder circuit 
83, while the output signal of the low-pass filter 80, 
after amplification to twice its value, is applied to 

s an inverting input of the adder circuit 83, so that 
the output signal of the adder circuit, which signal 
constitutes the analysis signal Va, complies with Va 
= A1 + A2 - 2DC and consequently indicates the 
extent to which the signal value DC deviates from 

10 the mean value of the maximum signal value A1 
and the minimum signal value A1 . 

For other suitable examples of analysis circuits 
reference is made to NL-A-8901591 (PHN 12.994). 
Rg. 9 shows in detail an embodiment of an 

75 information recording device for recording standard 
CD signals. In this Figure elements con-esponding 
to the elements already described bear the same 
reference numerals. The recording device shown 
comprises drive means in the form of a motor 100 

20 and a turntable 1 01 for rotating a radiation-sensitive 
record carrier 1 about the axis 2, which record 
carrier is of a type on which address information 
has been recorded as a track modulation of the 
servo track. The track modulation may be a track 

25 wobble, the frequency of the wobble being modu- 
lated in conformity with a position Information sig- 
nal comprising absolute time codes ATIP. The 
read/write head 3 is of a customary type compris- 
ing a semiconductor laser for generating a radiation 

30 beam 107a whose intensity is adjustable by means 
of the driver circuit 8. In known manner the radi- 
ation beam 107 is aimed at the servo track of the 
reco{6 earner 1. The beam 107a is then reflected 
partly from the record carrier 1 , the reflected beam 

35 being modulated in conformity with the track wob- 
ble and, if an information pattern has been re- 
corded, also in conformity with the information pat- 
tern. The reflected beam is directed towards a 
radiation-sensitive detector 108a, which generates 

40 the read signal VI corresponding to the beam mod- 
ulation. The signal VI comprises a component pro- 
duced by the track wobble and having a frequency 
of approximately 22 kHz at the nominal constant 
linear scanning velocity. By means of a motor 

45 control circuit 1 08 for controlling the motor 1 00 the 
motor speed is controlled so as to maintain the 
frequency of the component produced by the track 
wobble in the read signal VI at substantially 22 
kHz, so that a constant linear scanning velocity is 

50 realised. The address detection circuit 15 is of a 
type which derives the time codes ATIP from the 
component produced in the read signal Vt by the 
track wobble and applies these codes to the control 
unit 5. Moreover, the read signal VI is applied to an 

55 amplifier circuit 1 1 1 having a high-pass characteris- 
tic in order to reject the signal components pro- 
duced in the read signal VI by the track wobble. 
The read signal VI, from which the low frequency 
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components have thus been removed, is applied to 
the analysis circuit 10. The signal processing cir- 
cuit 7 further comprises a customary CIRC encod- 
ing circuit 112, to which the signal Vi to be re- 
corded can be applied via a switch 11a which is 
controlled by the control unit 5. The CIRC encoding 
circuit 112 is arranged in series with a customary 
EFM modulator 113 which adds subcode informa- 
tion to the main information received from the 
CIRC encoder 112 and subsequently converts this 
information into an EFM modulated signal. For the 
subcode information the EFIvl modulator is coupled 
to the control unit 5. The EFM modulator 113 has 
its output connected to the driver circuit 8. The 
driver circuit 8 is of a controllable type. Depending 
on the control signals received from the control unit 
5 the driver circuit 8 sets the intensity of the 
generated beam 107a to a constant low Intensity II 
or the driver circuit 8 switches the intensity of the 
beam between the low level 11 and the write level Is 
In conformity with the EFM modulated signal re- 
ceived from the EFM modulator 113. Moreover, the 
write level Is can be adjusted by the control unit 5. 
For the purpose of recording the test information 
pattern the recording device shown in Fig. 9 com- 
prises a signal generator 11, which comprises the 
switch 11a and the signal generator lib. The sig- 
nal generator Hb generates a random digital signal 
or a signal corresponding to the digital signal value 
zero (digital silence). The signal generated by the 
signal generator lib is applied to the CIRC encod- 
ing circuit 112 via the switch 11a. The switch 11a Is 
of a customary type, which depending on the con- 
trol signal received from the control unit 5 transfers 
either the signal Vi to be recorded or the output 
signal of the signal generator 1 1 b. 

The read circuit 9 comprises an EFM de- 
modulator 114 of a customary type, which recon- 
verts the EFM words in the read signal VI into 
information words and which separates the subi- 
code information from the main information. The 
subcode infonnation. in particular the subcode Q 
information, is applied to the microcomputer 110. 
The main information is applied to a CIRC decoder 
115 of a customary type, which recovers the origi- 
nal information signal Vi from the main information 
received from the EFM demodulator 114. For de- 
termining the write intensity setting the control unit 
5 is loaded with suitable program. Fig. 10 shows a 
flow chart of such a program, which substantially 
corresponds to the flow chart shown in Fig. 2 but in 
which a number of steps have been divided into 
substeps. The record carrier identification code, if 
any. is read in the step All. Two substeps Bi and 
62 are then carried out. In the step BI the record 
carrier area with the start address TIA of the iden- 
tification area lA is located under control of the 
control unit 5. Once this area is reached the control 



unit recovers the record carrier identification code 
from the subcode Q signal received from the read 
circuit 9. Subsequently, it is ascertained in tine step 
Ai2 whether the adjustment data, specifically the 

3 optimum write-intensity setting lopt, for this code 
has been stored in the memory 12. If this is the 
case the write intensity Is set to the value lopt 
under control of the control unit 5 in the step A13. 
If not, the optimum value lopt for the write intensity 

10 is derived in A1 4 during a calibration program to be 
described in more detail hereinafter with reference 
to Fig. 11. After the step A14 it is ascertained in 
the step A15 whether the record carrier already has 
a record carrier identification code. If this is the 

IS case, the adjustment value together with the record 
carrier identification code is stored in the memory 
12 In the step A16 and subsequently the program 
proceeds with the step A13. 

In the other case the record carrier is provided 

20 with a record carrier identification code in the step 
A17. During this step the substeps B3 through B7 
are carried out. In the step B3 a new record carrier 
identification code is generated by means of the 
random code generator 13. In the step 84 the 

25 identification area lA having the address TIA is 
located. Once this area is reached recording is 
started in the step B5 by setting the read/write 
head to the write mode. In the step 86 the new 
record carrier identification code is converted to the 

30 format required for the subcode Q-channel and is 
applied to the EFM modulator 113. Preferably, a 
plurality of subcode Q-frames with the record car- 
rier identification code, for example 10, are re- 
corded in succession, because this Improves the 

35 reliability of reading the record carrier identification 
code at a subsequent instant. After said number of 
subcode Q frames with the record carrier identifica- 
tion code has been recorded the read/write head 3 
is again set to the read mode in the step 87 and 

40 the program proceeds with the step A1 6. 

Rg. 11 is a flowchart of the calibration program 
carried out in the step A14. In the step Si a test 
area within the area PCA is selected in which the 
test Information patterns can be recorded. The 

45 manner in which this can be effected is described 
in detail in inter alia the afore-mentioned NL-A- 
8901591 (PHN 12.994). In the step S2 the selected 
area is located under control of the control unit 5. 
Once this area is reached the write intensity Is is 

50 set to the initial value lo in the step S4. Preferably, 
the value of lo for the relevant record carrier is 
prerecorded on the record carrier in a manner as 
described in Patent Application NL-A-8901145 
(PHN 12.925). This value can then be read prior to 

55 the set-up cycle. Moreover, under control of the 
control unit 5 the signal generator lib is connected 
to the CIRC encoding circuit 112 by means of the 
controllable switch 11a, so that an EFM modulated 
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test signal, determined by the output signal of the 
signal generator, is generated by the EFM modula- 
tor 113. Finally, in the step 54 the read/write head 
3 is set to the write noode, which results in a test 
information pattern corresponding to an EFM signal 
being recorded. In the step S5 the absolute time 
code ATIP detected by the address detection cir- 
cuit 15 is read by the control unit 5. In the step S6 
it is ascertained whether this absolute time code 
has changed relative to the previous read-out. If 
this is not the case, the step S5 is repeated. If it 
has changed, it is tested in the step S7 whether the 
absolute time code being read indicates the end of 
the test area, if this is not the case the step S8 is 
performed, in which the write intensity Is is incre- 
mented by a small step Al, after which the program 
proceeds with the step S5. If in the step S7 it is 
found that the end of the test area is reached the 
step S9 is performed, in which the read/write head 
3 is again set to the read mode. In the step S10 
the beginning of the test area just described Is 
located again and is read. In the step S11 the 
analysis signal Va is read by the control unit 5. In 
the step SI 2 it is checked whether the value of the 
analysis signal Va corresponds to the optimum 
write intensity. If this is not the case, the program 
proceeds with the step S11. In the other case the 
absolute time code detected by the address detec- 
tion circuit 15 is read out in the step SI 3. Subse- 
quently, in the step 815, the optimum write inten- 
sity corresponding to the absolute time code read 
in the step 813 is computed. This is possible, for 
example, by determining the difference between 
the absolute time code last read and the time code 
corresponding to the beginning of the test area. By 
means of this difference it is possible to determine 
by how many steps Al the initial value lo has been 
Incremented before the absolute time code ATIP 
last read was reached during the recording of the 
test information pattern. This number of steps and 
the initial value lo define the optimum write inten- 
sity lopt. 

It is to be noted that the calibration procedure 
described herein is only one of the many proce- 
dures possible for optical record carriers of this 
type. Another very suitable calibration procedure 
for record carriers of this type is described in, for 
example, NL-A-900150 (PHN 13.217). 

Claims 

1. An information recording device comprising 
write means for providing the record carrier 
with information patterns, means for determin- 
ing record carrier dependent adjustment data, 
adjustment means for adjusting the write 
means in conformity with the determined ad- 
justment data, the means for determining the 



adjustment data being adapted to record in- 
formation patterns for different settings of the 
write means and to determine, on the basis of 
the recorded information pattern, the adjust- 

s ment data in accordance with a predetermined 

criterion, characterized in that the information 
recording device further comprises storage 
means for storing in a memory the determined 
adjustment data together with identification 

10 data indicative of the combination of the re- 

cording device and the record carrier for which 
the adjustment data has been determined, and 
detection means for detecting, after insertion of 
a record easier into the information recording 

75 device, whether adjustment data for the rel- 

evant combination of a record carrier and in- 
formation recording device has been stored in 
the memory, the adjustment means being 
adapted to adjust the write means in confor- 

20 mity with the adjustment data in the case that 
adjustment data for the said combination has 
been stored. 

2. An information recording device as claimed in 
25 Claim 1, characterized in that the storage 

means are adapted to store in a memory of 
the information recording device the deter- 
mined adjustment data together with the 
record carrier identification code indicative of 

30 the record carrier for which the data has been 
determined, the recording device comprising 
read means for reading a record carrier iden- 
tification code which may be present on the 
record carrier, the detection means being 

35 adapted to determine whether adjustment data 
for the record carrier identification thus read 
has been stored in the memory of the device. 

3. An information recording device as claimed in 
40 Claim 1, characterized in that the device com- 
prises means for providing the record carrier 
with a record carrier identification. 

4. An information recording device as claimed in 
45 Claim 3, characterized in that the recording 

device comprises a random-code generator for 
generating the record carrier identification 
code. 

50 5. An information recording device as claimed in 
any one of the preceding Claims, characterized 
in that the write means comprise means for 
scanning the record carrier with a constant 
linear velocity by means of a write head, which 

55 write head, for the purpose of recording the 

information patterns, comprises means for re- 
alizing a detectable change in the record car- 
rier area being scanned. 
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[57] ABSTRACT 

An optical storage device comprising at least two spaced 
apart recording layers, a spacer layer separating by being 
positioned between alternating recording layers, and each 
recording layer including a material responsive to a beam of 
radiation from a source to record information and at least 
one recording layer having a different write temperature 
selected to improve recording performance parameters. 
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OPTICAL RECORDING MEDIUM HAVING 
AT LEAST TWO SEPARATE RECORDING 
LAYERS OF DIFFERENT WRITING 
TEMPERATURES 



i is adjusted so that the optimum recording power (ORP) of 
layer i matches that of the layer most iKstant from the 
radiation source, then the increase in the availaMe carrier 
can be estimated to equal the ORP of the layer most distant 
S from the radiation source divided by the ORP of layer i in 
the absence of the invention, assuming that the ratio of the 
read power to the ORP is approximately the same for all 
layers, as is frequently the case. Noise can be typically 
expected to arise from a variety of sources; in most cases, the 
10 noise will increase with incident light power much less 
rapidly than the carder. Therefore, this invention is also 
expected to increase the Carder to Noise Ratio (CNR). This 
will fiirther allow marks to be placed closer together than 
would otherwise be the case. Therefore, the invention is 



BRIEF DESCRIPTION OF THE DRAWINGS 
is a diagramatic view of an optical storage device 



FIELD OF THE INVENTION 

The present invention relates to optical storage devices 
which have muldple recording layers. 

BACKGROUND OF THE INVENTION 

Optical storage devices such as optical disks and optical 
tape are becoming more and more extensively used. It is, of 
course, highly desirable to increase the storage capacity and " expected to increase the storage density of the device, 
other performance parameters such as signal to noise and 
storage density. 

A multilayer optical storage device is set forth in SPIE 

Vol. 2338, p. 247, 1994 (K. A. Rubin, H. J. Rosen, w. w. :i^:;;:;;''opa;;i";e^;;gi'a;;^: 

Wang, W. Imaino, and T. C. Strand). The recording layers ^ ^ ^ recoimng layeis. 

consist of two or more recording surfaces spaced sufficiently 
far apart that each surface can be recorded and read inde- 
pendently. A two layer medium might be expected to offer 
twice the density of a conventional single layer medium. 
Generally, this is not true because the return light beam is 
severely attenuated relative to the return light beam found in 
a conventional single layer medium. For example, an 
attempt to read a layer that is not the layer closest to the 
radiation source requires the light to pass through the other 
layers with a consequent loss of intensity. Even reading the 
layer closest to the radiation source does not generate the 
maximum possible return beam because this layer must be 
optimized for transparency, not merely optimal return beam. 
It might, for example, be very thin and unreflective com- 
pared to a conventional single layer. 

This severe attenuation of the return light beam substan- 
tially reduces the carrier. More significandy, the carder to 
noise ratio (CNR) also decreases because, unlike the carrier, 
the noise power usually consists of large contributions from 
sources not directly proportional to the beam intensity and 
thus not proportionately reduced by the attenuation. This 
reduction in CNR reduces the storage density of the layer 
and the overall storage device. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multiple recording layer storage device which has improved 
performance parameters. 

The objea is achieved in an optical storage device, ' 
comprising: 

a) at least two spaced apart recording layeis; 

b) a spacer layer separating by being positioned between 
alternating recording layers; and 



T\iniing first to FIG. 1, there is shown an optical storage 
device 10. The device 10 includes a substrate 12 which 
typically can be made from polycarbonate or glass. There 
are two spaced apart recording layers 14 and 16. These 
recording layers will be discussed in more detail hereinafter. 
A spacer layer 18 is provided between the two recording 
layers. The spacer layer typically can be made from a 
transparent organic material (which does not interact with 
the wavelength of the radiation source) or air. A source of 
radiation 20 provides a beam of radiation which is focused 
by a focusing arrangement shown as a single lens 22. In the 
example shown, the radiation beam is focused on the surface 
of the recording layer 14. Of course, when recording is to 
take place on the layer 16, the beam will be focused on that 
layer. It will be understood that although two recording 
layers are shown, the present invention can include three or 
more recording layers with alternate recording layers being 
spaced apart by a spacer layer. Moreover, the recording 
process can take place through the non-substrate surface of 
the storage device and, in such a situation, the substrate 
could be opaque. Furthermore, the recording layeis can be 
accompanied by other nonwritable layers such as dielectrics 
for optical enluincement or metals for reflecting fight 

In accordance with the present invendon, an optical 
storage device includes muldple recording surfaces such that 
individual surfaces have differing write temperatures. The 
recording surfaces can contain rewritable materials such as 
magnelo-optically acdve materials for which the write tem- 
perature is the temperature at which the magnetization can 
be reversed or erasable phase change materials for which the 
55 write temperature might be the temperature needed to form 



c) each recording layer including a material responsive to 
a beam of radiation &om a source to record information 
and at least one layer having a different write tempera- 
ture selected to improve recording performance param- 
eters. 6 
Advantages 

An important advantage of the invention is increasing the 
carder, at the same available power of radiation source, 
relative to a device employing only a single write tempera- 
ture. This is a consequence of the enhanced read power that 65 temperature of the recording layer n 
can be used in reading tlie layers that have increased write source should be the highest with a monotonic decrease in 
temperature. If, for example, the write temperature of layer write temperature with distance from the radiation source. 



e higher temperature phase. The recording surfaces can 
also contain write-once materials such as write-once phase 
change where the write temperature might be the tempera- 
tare of crystallization or ablative materials where die write 
, temperature is the temperature necessary for ablative record- 
ing. It is recognized that the write temperature can depend 
on the speed of the recording process and, in consequence, 
the media velocity relative to the record beam. 
In accordance with one aspect of the invention, the write 
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Advantageously, for more optimum results, the write tem- 
peratures can be selected such that the Optimum Recording 
Power (ORP), as measured by the light emitted from the 
radiation source, is identical for all layers. (Depending on 
the application, the ORP might be the power where the ; 
second harmonic of the signal is minimized relative to the 
first harmonic or the power where offset from the desired 
mark size is zero.) In another aspect of the invention the 
write temperatures are selected so that the ORP of layer i 
measured without the presence of the other layers is equal to 
the ORP of the layer most distant from the radiation source 
(as measured without the presence of the other layers) 
divided by the product of all the transmission coefficients for 
the layers inclusively between the layer second most distant 
from the source and layer i. This can be expressed by the 
following equation: ' 



wherein: 

i is a number from 1 to n; 20 

i=] corresponds to the layer nearest to the light source; 

n is the number of recording layers; 

ORPj is the optimum recording power of layer i measured 
without the presence of the other layers; and ^5 

T, is a transmission coefScicnt for layer i. 

Alternatively, the difference between the write tempera- 
ture of layer i and the ambient temperature can be selected 
to equal the difference between the write temperature of the 
layer most distant from the radiation source and the ambient 30 
temperature both divided by the product of all the transmis- 
sion coefficients for the layers inclusively between the layer 
second most distant from the radiation source and layer i. 
This condition is equivalent to the previous two criteria if the 
ORP of layer i divided by the difference between the write 35 
temperature and the ambient temperature is equal for all 
layers. This can be expressed by the following equation: 



■ T,) 



Qi is the write temperature of layer i; 

9^ is the ambient temperature; and 

T, is a transmission coefficient for layer i. 

Although the implementadon of multiple write tempera- 45 
tures alone will increase the performance of the storage 
device, further benefits can be be gained by a concomitant 
change in the optical properties of the individual layers. In 
particular, an optimal configuration would require that layers 
near the radiation source permit more transmission (accept- so 
ing the consequent loss in signal) than would be found in a 
device optimized for a single write temperature on all layers. 

Six examples of the implementation of the invention are 
now set forth. A 780 nm radiation source was used for 
generadng both the measured and predicted data. For the ss 
purpose of calculating the extent to which the invention 
improves the carrier, in the first five examples it will be 
assumed that the record power (as measured for each layer 
in the absence of the other layers) and the optimum read 
power (as measured for each layer in the absence of the other 60 
layers) are proportional to the difference between the write 
temperature and ambient temperature. Deviations from this 
rule may be caused by layers having, for example, differing 
thermal U^nsport characterisdcs and may increase or 
deaease the precise value of carrier enhancement offered by 6S 
the invention. These deviations do not affect the general 
principle of the invention. 



Example A: Consider a two-layer disk, employing dye as 
the active layer, arranged in a structure such that the trans- 
mission and reflection coefEcients of the layer nearest the 
radiation source (layer 1) are 68% and 18%, respectively and 
the second layer (layer 2) has transmission and reflection 
coefficients of 20% and 30%, respectively. If the differences 
between the write temperature and the ambient temperature 
are chosen to follow a ratio of 1.47=1.0/0.68 and 1.0 for 
layers 1 and 2 respectively, then the cairiCT of layer 1 will 
increase by 3.3 dB=20 log 1.47 with no increase in maxi- 
mum power demanded firom the laser. The carrier of layer 2 
will not change. 

Example B: Consider a two layer disk where the thickness 
of layer 1 has been adjusted to distribute the enhancement 
provided by the invention over both layers. The transmission 
and reflection coefficients for the thinned layer 1 become 
74% and 14%, respectively. This increases the carder of 
layer 1 by 1.2 dB and layer 2 by 1.5 dB provided that the 
carrier is proportional to the reflectivity. For magneto-optic 
materials the increase from layer 1 would be different. 

Example C: Consider a four-layer disk for which the 
transmission coefRcients for layers 1-4 are 84%, 79%, 68%, 
and 0%. The reflection coefBcients for layers 1-4 are 8%, 
11%, 18%, and 40%. The differences be; vccn the write 
temperature and the ambient temperature are chosen to 
follow a ratio of 2.22=1.0/(0.84*0.79*0.68), 1.86=1.0/ 
(0.79*0.68), 1.47=1.0/0.68, and 1.0 for layers 1-4, respec- 
tively. If the write temperatures are required to be the same 
on all layers, then the carrier drops by 6.9 dB, 5.4 dB, and 
3.3 dB on layers 1-3, respectively. 

Example D: Consider a two-layer disk employing Co/Pt 
in die magrelo-oplic recording layers, the layers being 
separated by a spacer layer with refractive index of 1.3. The 
transmission coefficients are 56% and 12% for layers 1 and 
2, respectively. The rcfieciion coefficients arc 6% and 44% 
for layers 1 and 2. respectively. The maximum Kerr rotations 
are 1.76 and 0.69 for layers 1 and 2, respectively. (Film 
thicknesses are 42A and 200A) If the differences between 
the write temperature and ambient temperature are chosen to 
follow a ratio of. 1.79=1.0/0.56 and 1.0 for layers 1 and 2 
respecUvely, then the carrier of layer 1 o will increase by 5.1 
dB=20 log. 1.79 with no increase in maximum power 
from the laser. The carrier of layer 2 will not 



Example E: Consider a four-layer disk employing Co/Pt 
in the magneto-optic recording layers, the layers being 
separated by a spacer layer, with refractive index of 1.3. The 
transmission coefficients are 7S%, 71%, 56%, and 12% for 
layers 1-4, respectively. The reflection coeffic.ents are 1%, 
3%, 8%, and 44% for layers 1-4, respectively. The maxi- 
mum Kerr rotations are 2.52, 1.57, 1 .39, and 0.69 for layers 
1-4, respectively. (Film thicknesses are 2lA, 23A, 42A, and 
200A.) The differences between the write temperature and 
ambient temperature are chosen to follow a ratio of 3.35= 
1.0/(0.75*0.71*0.56), 2.52=1.0/(0.71*0.56), 1.79=1.0/0.56, 
and 1 .0 for layers 1-4, respectively. If the write temperatures 
are required to be the same on all layers, then the carrier 
drops by 10.5 dB, 8.0 dB, and 5.1 dB on layers 1-3, 
respectively. 

Example F: Co/Pt superlatdce is a magneto-optically 
active layer particularly suitable for implementation of this 
invention. A two-layer disk was made using a recording 
material consisting of 0.22 nra Co layers sandwiched by 0.7 
nm Pt layers. The semilransparent layer 1 of diis disk is 4.2 
nm thick and layer 2 is 20 nm thick. Recording experiments 
show that the threshold of layer 1 is approximately 2.4 mW 
with an optimum record power of approximauly S J mW. 
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The threshold of layer 2 was approximately 3.3 mW with an 
optimum record power of approximately 7.0 mW. Layer 1 
produced a carder of -2.8 dB, a 30 kHz slot noise of -44.5 
dB, and CNR of 41.7 dB when measured using a 0.5 NA 
lens, a velocity of 3 M/s, a recording frequency of 1 .57 Mhz, 5 
a bandwidth of 30 kHz, and a read power limited to 1 .5 mW. 
to reduce erasure during read. Following the teaching of the 
invention a second disk is fabricated using the same com- 
position for layer 2, but using a recording material consisting 
of 0.35 nm Co layers sandwiched by 0.7 nm Pt layers for 10 
layer 1. This increases the threshold of layer 1 lo approxi- 
mately 3.3 mW and the optimum recording power to 
approximately 7 mW. The carrier was now increased to 0.5 
dB, the slot noise is approximately the same al -44.6 dB, and 
the CNR is increased to 45.1 dB, all under the same 15 
conditions as used for the unimproved layer 1 except that the 
read power was increased to 2.0 mW because die threshold . 
for recording is higher. Accidaital improvements to layer 1 
owing to extraneous effects such as improved coercivity or 
Kerr rotation with higher Co content were demonstrated to 20 
provide only 0.3 dB of this improvement in CNR by 
remeasuring the improved layer 1 at the reduced read power 
(1 .5 mW) suitable for the original layer 1. Therefore, imple- 
mentation of the invendon has generated an additional 3 dB 
of CNR with no requirement of higher maximum laser 2S 
power. 

A feature of the invendon is that it increases performance 
in the presence of optically enhancing layers needed to 
generate adequate carrier for some recording materials. 

An alternative method is to vary the thermal properties of 30 
the material surrounding the recording layer. For example, 
the recording layer nearest the light source can be sur- 
rounded by thermally conducting materials that will have die 
effect of decreasing the sensitivity of die layer to the 
radiation power and the farther recording layers can be 35 
surrounded by thermally insulating materials that will have 
the effect of increasing the sensitivity. 

The invention has been described in detail with particular 
reference to certain preferred embodiments thereof, but it 
will be understood that variations and modifications can be 40 
effected within the spirit and scope of the invendon. 

PARTS LIST 

10 opdcal storage device 

12 substrate *^ 
14 recording layer 
16 recording layer 
18 spacer layer 
20 radiation source 
22 single lens 
We claim: 

1. An optical storage device, comprising: 

a) at least two spaced apan recording layers; 

b) a spacer layer separating by being positioned between 
alternating recording layers; and 
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c) each recording layer including a material responsive to 
a beam of radiation from a source to record information 
and at least one layer having a write temperature 
different than other recording layers and selected to 
impnjve recording performance parameters. 

2. The optical storage device of claim 1 wherein the write 
temperature of the recording layer nearest the radiation 
source is higher than the write temperature of the recording 
layer furthest from the radiation source with a monotonic 
decrease in write temperature as the distance from the 
radiation source increases. 

3. The optical recording device of claim 1 wherein the 
write temperatures of each recording layer is selected such 
that the optimum recording power as measured by the 
radiation emitted from the source is substantially identical 
for all recording layers. 

4. The opdcal recording device of claim 1 wherein the 
write temperature of each recording layer is selected so that 
the following equation is satisfied: 

mni=oiiPJ<Xn-i ■ Til 

wherein: 
i is a number from 1 to n; 

i=l corresponds to the layer nearest to the light source; 

n is the number of recording layers; 

ORP, is the optimum recording power of layer i measured 
without the presence of other layers (spacer and record- 
ing); and 

T, is a transmission coefficient for layer i. 

5. The optical recording device of claim 1 wherein the 
write temperature for each layer is selected from the fol- 
lowing equation: 

(9,-e^)=(e„-«^(7-.., ... 7-,) 

wherein: 

Of is the write transmission temperature of layer i; 
0^ is the ambient temperatore; 
i is a number from 1 to n; 
n is the number of recording layers; 
i=l concsponds to the layer nearest to the light source; 
and 

T, is a transmission coefScient for layer i. 

6. The optical recording device of claim 1 wherein the 
recording layers nearest the radiation source permit more 
transmission than those furthest from the source. 

7. The optical recording device of claim 1 wherein the 
recording layer materials are selected from the group con- 
sisting of: 

a) m^eto-opuc; 

b) erasable and non-erasable phase change; and 

c) ablative. 
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